Abstract. The results of speckle interferometric observations of 115 metal-poor stars ([m/H] < −1) within 250 pc from the Sun and with proper motions µ 0.2 ′′ /yr, made with the 6-m telescope of the Special Astrophysical Observatory of the Russian Academy of Sciences, are reported. Close companions with separations ranging from 0.034 ′′ to 1 ′′ were observed for 12 objects -G76-21, G59-1, G63-46, G135-16, G168-42, G141-47, G142-44, G190-10, G28-43, G217-8, G130-7, and G89-14 -eight of them are astrometrically resolved for the first time. The newly resolved systems include one triple star -G190-10. If combined with spectroscopic and visual data, our results imply a single:binary:triple:quadruple star ratio of 147:64:9:1 for a sample of 221 primary components of halo and thick-disk stars.
INTRODUCTION
Metal-poor stars of the Galactic halo and thick disk bear important information about the chemical and kinematical properties of matter at the epoch of the formation of the Milky Way. Of special importance is the study of the orbital parameters of binary and multiple systems, which provide a source of data on stellar masses and luminosities.
To estimate the fraction of multiple stars and determine the orbital parameters of old metal-poor stars, we started a speckle interferometric survey of such objects located within 250 pc from the Sun. Rastegaev et al. (2007) described a sample of 223 population-II dwarf stars in the solar neighborhood and reported the results of the survey of the first 109 stars of the sample performed with the 6 m telescope of the Special Astrophysical Observatory of the Russian Academy of Sciences (SAO RAS). The sample includes nearby F, G, and early K-type subdwarfs down to 12th magnitude in the V band ( Fig. 1 ) with metalicities [m/H] < −1 and proper motions µ 0.2 ′′ /yr (Fig. 2) . In this paper we continue to report the results of speckle interferometric observations for the remaining 114 stars of the halo and thick disk performed with the 6 m telescope of the SAO RAS in 2007. We also report the results of repeated speckle-interferometric observations of our earlier resolved subsystem of the quadruple star G89-14 (Rastegaev et al., 2007) .
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OBSERVATIONS
The speckle-interferometric observations were performed with the 6 m telescope of the of the SAO RAS in March (52 objects), June-July (52 objects), and September (10 objects), 2007. In addition, we also reobserved in two filters the interferometric subsystem of the quadruple star G89-14 that we discovered in December, 2006 (Rastegaev et al., 2007) . In September we observed six objects resolved in . We also reobserved the unresolved objects G183-9, G24-17, G26-1, and G128-11 in order to obtain their power spectra with higher signalto-noise ratio. In our observations we use a facility based on EMCCD (a 512×512 CCD with internal electron gain), which has high quantum efficiency and linearity, allowing objects to be discovered with component magnitude differences △m 5 at the diffraction-limited resolution of the telescope. The size of the detector field (4.4 ′′ ) allowed secondary components to be discovered at separations as large as 3
′′ from the primary star. We recorded the speckle interferograms in three filters: 550/20, 600/40, and 800/100 nm (the numbers indicate the central transmission wavelength of the filter and the transmission bandwidth, respectively) with exposures ranging from 5 to 20 milliseconds. We took 2000 images in each filter for almost all the objects observed in March and 1940 exposures for every object observed in June, July, and September.
Weather conditions during March set were not favorable for speckle-interferometric observations (seeing was at about 3 ′′ ). During the June and September observations, on the contrary, seeing was (1.0 − 1.5) ′′ , and sometimes even better than 1 ′′ . We calibrated our measurements using the so-called "standard" pairs-binaries with well-known component separations and position angles. In addition, in September we used an opaque mask with a pair of circular holes, which was located in the beam converging from the primary mirror of the telescope, to calibrate the scale and position angle. The known geometry of the holes allows the image scale and angular orientation of the CCD to be determined in each filter from the fringe pattern. In this method we used Deneb as the bright source.
Descriptions of the technique that we used to determine the relative positions and component magnitude differences of the objects studied from speckle interferograms averaged over a series of power spectra can be found in Balega et al. (2002) and Pluzhnik (2005) . The accuracy of this technique may be as good as 0.02 m , 0.001 ′′ , and 0.1
• for the component magnitude difference, separation, and position angle, respectively. Table 1 lists the resolved stars. We observed the speckleinterferometric components for 12 objects, one of them is the quadruple system G89-14, which was resolved for the first time in December, 2006 (Rastegaev et al., 2007) . We were the first to astrometrically resolve eight (G76-21, G135-16, G141-47, G142-44, G190-10, G28-43, G217-8, and G130-7) of the 11 remaining systems. Among the new systems we point out G190-10, where we discovered the third component in the earlier known spectroscopic binary .
RESULTS OF OBSERVATIONS
In addition to new observations, we also report the results of our re-reduction of stars from (Rastegaev et al., 2007) (Table 2 ). Our new results for these stars slightly differ from those reported in our previous paper (Rastegaev et al., 2007) by corrected estimates of angular separations due to the refined coefficients of the transition from pixel measurements to angular units. It goes without saying that these corrections have appreciable effect only for wide pairs. In addition, we also thoroughly analyzed the measurement errors for each object and, in contrast to our earlier paper (Rastegaev et al., 2007) , give the epoch of observation for each individual pair. We list the so far unresolved stars in Table 3 .
SUPPLEMENTARY DATA FOR RESOLVED STARS
In this section we gather the supplementary data on resolved stars (see also Table 4 ). For some of the objects we give two distances inferred from trigonometric (Perryman, 1997) and photometric (Carney et al., 1994) parallaxes. The latter distance is evidently underestimated, because it does not take the additional component into account. On the other hand, the additional component also contributes to the error of the measured trigonometric parallax, especially in short-period systems.
G76-21 (02 h 41 m 13. s 6 +09
• 46 ′ 12 ′′ ; HIP 12529). It is an F2-type star (SIMBAD database) at a heliocentric distance of about 190 pc (Perryman, 1997) or 90 pc according to Carney et al. (1994) . The star was observed using the method of lunar occultations, but it was not resolved into individual components (Richichi & Percheron, 2002) . It is known as a suspected SB2 system based on the results of metallicity measurements (Carney et al., 1994) . Spectroscopic observations of this star show signs of about 10-day periodicity, however, no conclusive evidence could be found for radial-velocity variations (Latham, 2008) . We were the first to astrometrically resolve this star.
G89-14 (07 h 22 m 31. s 5 +08
• 49 ′ 13 ′′ ; HIP 35756; WDS 07224+0854). We earlier discovered the fourth component (Rastegaev et al., 2007) in the triple system consisting of a spectroscopic binary with a period of 190 days ) and a common proper-motion companion at an angular separation of 34 ′′ from this binary (Allen et al., 2000) . Repeated observations in the 550/20 filter failed to reveal the speckle interferometric component at a distance of 0.98 ′′ from the spectroscopic pair, because in this part of the spectrum the component in question is 5 m fainter than the SB1 pair. Observations in the 800/100 filter (see Table 1 ) performed in March, 2007, confirmed the results of the December, 2006 observations to within the quoted errors. The heliocentric distance of the quadruple system is equal to 95 pc (Carney et al., 1994) or to about 170 pc according to (Perryman, 1997) .
G59-1 (12 h 08 m 54. s 7 +21
• 47 ′ 19 ′′ ; HIP 59233; WDS 12089+2147). It is a triple system. The inner pair, which has an integrated spectral type of G2V(SIMBAD database) was discovered by HIPPARCOS (Perryman, 1997) . The outer component, which is located at an angular distance of about 16
′′ , has common proper motion with the inner pair (Allen et al., 2000) . We resolved the inner subsystem. The heliocentric distance is equal to about 110 pc (Perryman, 1997) or 50 pc according to (Carney et al., 1994 Zinnecker et al. (2004) and Hartkopf et al. (in preparation) . The heliocentric distance of the system is equal to about 130 pc (Perryman, 1997) or 60 pc (Carney et al., 1994) .
G135-16 (14 h 04 m 01. s 6 +22
• 31 ′ 30 ′′ ; HIP 68714). A double star of spectral type G2 (SIMBAD database). This pair, which we astrometrically resolved for the first time, must be an SB1 type spectral binary with a period of 2606 days . Its estimated heliocentric distance is about 80 pc (Perryman, 1997) or 65 pc (Carney et al., 1994 (Zinnecker et al., 2004 , Law et al., 2006 of spectral type sd:G2 (SIMBAD database). We are the first to report the component magnitude difference for this system. list it as a spectroscopic binary with unknown period. The star exhibits a systematic decrease of radial velocity over more than 24 years of its spectroscopic observations (Latham, 2008) . Its heliocentric distance is about 110 pc (Perryman, 1997) or 100 pc (Carney et al., 1994) ′′ is an SB1 spectroscopic binary with a period of 388.52 days and a spectral type of F8 (SIMBAD database). We may have discovered the third component in the known spectroscopic pair. The heliocentric distance to this object is 110 pc (Carney et al., 1994) . The system was observed twice in June in the 550/20 and 800/100 filters, and also in September in the 800/100 filter. In Table 1 we give only the preliminary photometry of the speckle interferometric pair based on the results of the June observations in the 800/100 filter due to the low signal-to-noise ratio of the integrated power spectra.
G142-44 (19 h 38 m 53. s 2 +16
• 25 ′ 34 ′′ ; NLTT 48059; TYC 1602-2423-1). This first resolved G5-type binary is located at a heliocentric distance of 110 pc (Carney et al., 1994) . We observed this pair four times (see Table 1 ), and three of them in the 800/100 filter. The weak fringe contrast in the power spectrum in the 600/40 filter allowed only the lower boundary of component magnitude difference to be estimated in this part of the spectrum.
G190-10 (23 h 07 m 59. s 8 +41
• 51 ′ 20 ′′ ; NLTT 55914; TYC 3224-2564-1). A new triple system of spectral type G1 (SIMBAD database). We found the third, outer component at an angular distance of 0.98 ′′ from this earlier known SB1 system with a period of 30 days . The object is located at a distance of 90 pc (Carney et al., 1994) .
G28-43 (23 h 09 m 32. s 9 +00
• 42 ′ 40 ′′ ; HIP 114349). A binary of the spectral type G2 (SIMBAD database), which we resolved for the first time. The object is located at a distance of 40 pc (Carney et al., 1994) . The HIPPARCOS catalog lists no parallax for the system (SIMBAD database). The wide component CCDM J23096+0043B at an angular separation of 12.2 ′′ does not form a physical pair (Zapatero Osorio & Martin, 2004) .
G217-8 (23 h 26 m 32. s 8 +60
• 37 ′ 43 ′′ ; HIP 115704). We were the first to astrometrically resolve this F2-type spectroscopic binary (SIMBAD database) with a preliminary orbit (9632 days period) . The distance to the system is equal to about 110 pc (Perryman, 1997) or 105 pc (Carney et al., 1994) . We observed the object twice: in June, in the 600/40 filter and in September, in the 800/100 filter. Unfortunately, the insufficient quality of the power spectra in both filters did not make it possible to determine the component magnitude difference and showed up in the accuracy of the inferred positional parameters (see Table 1 ).
G130-7 (23 h 45 m 00. s 1 +30
• 20 ′ 10 ′′ ; HIP 117150). An Ftype system (SIMBAD database) at a distance of about 160 pc (Perryman, 1997) (or 120 pc from other data (Carney et al., 1994) ), which was resolved for the first time.
MULTIPLICITY OF STARS

Distant Components
We use the additional available data on spectroscopic multiplicity (Goldberg et al., 2002 and distant components from the WDS (Mason et al., 2001) for the 114 objects studied. Whereas spectroscopic and interferometric measurements provide conclusive evidence indicating that the components in question are physically bound, wide visual components should be treated with more care. We found a total of 104 WDS companions for our stars and discarded most of them as optical projections. Table 5 lists the data for all the wide components found for the stars of our sample. Column 1 gives the names of the stars studied; column 2-all the WDS components found for the star. For the components found to be physically bound to the stars of the sample columns 3 and 4 list the angular separation (in arcsec) and magnitude difference, respectively. Column 5, which is entitled "Status", indicates the components that we consider to be physically bound with the primary star ("+") and optically projected (unbound) pairs ("−"). The additional question mark in this column indicates that we are not certain about the adopted decision, nd a single question mark indicates that only a single measurement is available, which does not allow any conclusions concerning the physical bound between the components. The last column gives the references to the papers containing the data on the corresponding pair and whether the physical association between the components is confirmed or disproved. These are in all cases the papers of Allen et al. (2000) and Zapatero Osorio & Martin (2004) dedicated to wide pairs of population-II stars and the HIPPARCOS catalog (Perryman, 1997) . The additional ⋆ symbol in this column indicates that our observations confirm the presence of the component considered. In cases with no references given we made decision concerning the physical boundness on our own, based on the data listed in the WDS catalog. To this end, we analyzed the variations of component separations and magnitude differences with time.
As a result, we left only seven WDS components (marked "+" or "+?") of 104, and took them into account when counting the number of systems of different multiplicity.
Ratio of systems of different multiplicity
We computed the ratio of systems of different multiplicity using all the published data on the observations of the corresponding systems using various methods. Of the 114 stars considered 27 are spectroscopic binaries (Goldberg et al., 2002; Carney et al., 1994) and 11 stars are speckle interferometric binaries. Seven stars have companions from the WDS catalog. When analyzing spectroscopic binaries we took into account both the pairs with known orbital periods and the systems for which no periods have been determined. It goes without saying that there exist components which can be found using several different methods. In addition, we also analyzed the ratio of systems of different multiplicity from Rastegaev et al. (2007) . We excluded G120-15 from the list of binary stars, because only one measurement of the positional parameters is available for this star, which does not allow any conclusions be made for it. We added two unaccounted binaries BD+25
• 1981 and HD97916 from (Carney et al., 2001) , and assumed the three systems-G43-3 (see also (Carney et al., 2001) ), G186-26, and G210-33 to be binaries based on the small variation of radial velocities (Latham, 2008) .
As a result, the single:binary:triple:quadruple ratio for the 221 primary-component halo and thick-disk stars (Rastegaev et al., 2007) discovered using all methods is equal to 147:64:9:1. Thus out of 306 stars considered-223 observed stars and 83 their satellites-more than a half (159) belong to multiple systems. The multiplicity of the sample-i.e., the ratio of the number of multiple systems to the total number of systems-is about 33%. Duquennoy & Mayor (1991) obtained a similar estimate for disk stars of spectral types ranging from F7 to G9 and found it to be 51:40:7:2. We point out the difference between the two samples compared. Whereas we constructed our sample by selecting stars with certain magnitudes and space velocities, the sample of Duquennoy and Mayor is only distance limited: all their stars are located within 22 pc from the Sun.
CONCLUSIONS
The speckle interferometric survey of 223 metal-poor stars from the solar neighborhood was performed with the 6 m telescope of the Special Astrophysical Observatory. Nineteen binary and multiple systems were resolved. From these, 15 objects were resolved astrometrically for the first time. Three of our resolved systems-G76-21 (HIP 12529), G114-25 (HIP 44111), and G217-8 (HIP 115704) have metallicities [m/H] < −2 (Carney et al., 1994) . The additional data on the spectroscopic (Goldberg et al., 2002; Carney et al., 1994; Carney et al., 2001 ) and astrometric (Mason et al., 2001; Zapatero Osorio & Martin, 2004; Allen et al., 2000) multiplicity allowed us to estimate the single:binary:triple:quadruple star ratio to be 147:64:9:1.
Part of the speckle interferometric pairs with relatively short periods are suitable for monitoring in order to compute their orbits and determine the masses of metal-poor stars, which are necessary for the calibration of the massluminosity relation. Such studies are of great importance, because even now we badly lack the empirical data for the metallicity interval considered.
The sample presented in (Rastegaev et al., 2007) is the most thoroughly analyzed one in terms of the multiplicity of halo and thick-disk stars. This circumstance allows the sample to be used for statistical studies where physically bound components play important part. One must bear in mind the selection effects due to heliocentric distances to the objects, their multiplicity and proper motions. An addition, low-mass companions could be missed for the stars of survey because of limitations of the methods. All this must stimulate further observations and theoretical studies. 
